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The purpose of this study is to investigate the effect of oxidized frying oil on
the vitamin A status. Three groups of Long-Evans male weanling rats were respec-
tively fed F50, D50 and D500 diets. The D50 and D500 diets contained 15%(w/w) of
oxidized frying oil whereas the F50 control diet contained 15%(w/w) fresh soybean
oil. The 50 and D50 diets had normal vitamin E level (50 mg/kg diet of a-toco-
pheryl acetate) while the D500 diet was supplemented with high level of vitamin E
(500mg/kg diet). The vitamin A of all three diets was supplied by 4000 IU/kg diet
of retinyl palmitate. After 14 weeks of feeding, the D50 and D500 groups of rats
showed vitamin A status inferior to the F50 group. The liver total retinol concentra-
tion of the D50 and D500 groups was about half of those of the control (F50) group
(P < 0.05). The plasma retinol concentration of the D50 and D500 groups was also
significantly lower than that of the F50 group (P < 0.05). The results indicated that
vitamin A status was aggravated by feeding an oxidized oil containing diet. As the
D5H00 group was affected similarly to the D50 group, the effect can not be attributed
indirectly to the deteriorated vitamin E status resulting from the ingestion of dietary
oxidized oil.
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WMERABEBREMLEZREEMEES - HRHFEFHE - L AHERE
HERE - MREESL £ - #F - £IEIEE LTI A EER c SEERFEHR
BEEERNFGE RAE BRI R U2 o Ml Uik R % 28 (Nuclear Retinoic Acid
Receptor, RAR; Nuclear Retinoid X receptor, RXR) & % k HINBEME Z E— 5
g% M THEASR AP RRRF RS CY » FEEMERTASEDNER
REEERERBCEERE - AT AR ABICEE S K EHER 60 » F

MR ARETZSH  WRREHRAR -

‘ HEBANEEYPTATBRIN—8 - FEHENEETETOEGESEUER
MEZ  £EE LUHUKR S EMNWBAENATRIFBNER - EHRIEE T
SRCEFERKFE - RAMBEAFBREALZENLEY > S8 KR URE
FEEGMEBHSEZE c EPXURBFEAPMEZMBESRRTL TS
tBEEERE  ELSHBHBETEHERAMER 2F—HEREAEA - HE
B THROHERMBEES  E4EREY - HEIE—REY > MERER
TeBRtREMNLSFEZIHEY - RAEBERZ > BBESIBAEASE
ey WEXRBEY  B—RESLCRPZEFEEY @R EZRALRESE
ETET MESKMYRSRTEAERE  WERTBRESLBIHEREZ—R
EMEILTE  RUSETRHARE RBEAEERLCELEZRABEYSE - — KU
BELEY RETREVELEEZENRBRESLSEEE O - SR MYEFER
BELSBERIEFEMIIIE  BIEMEE Hbhz S bEY W58 ERM 5/
E® o FEHEVHABBRIEEDREEHMNTRE -

BRH e EEEMENWERERE S AE  HERERERS 012 « H
HEWRmERN A REE  MATREEETRMBER > RAREENLKRELEE
BERRATSEMEESERBYENEEZIE - FRERE - THEFEEKX
& o 41l BE B % P xenobiotics ( FBWEMESI2RILBYIE ) 2 E > W& % M
W A8 b2 BEY) R AL 3k (R R IS ¢ B Phase 1 B9 & cytochrome P-450 B &,
B 5 phase 1I conjugation B{R F (19 o HPHERBERMZFREYETFIBEHK
M8 #ERSBMAET S RBECEY TFEILRHMURE - MAERZR
e AT RERN B B K FEBRRE - SEBRERETH YR G IG5 %
Wl MBS L EMMAREPERR » TEL “ME” Z/HR -

#F % xenobiotics Z ARSANKE » @ERFTHAER A EEREER > fi20 ¢ PCB
(Z&8HFK) 4 ~ TCDD (## 3 ) U9 + Phenobarbital 5z BHTU® » o DL FH 8%
Y R 0D e ANBVED o SE SR 2R R BETE S AR € 5 3% BT Sohs #8 5 1 X3
BRI » B cytochrome P-450 B £l - BB W& & H H % € Z cytochrome
P-450 & ZhEg (2C7, 2C8 B 2B4) W] K5 1R HE B2 B4R A BE 8 1L 5K 4-hydroxy ~ 4-oxo B(H
R B Y 1820 o FiF - FAEE B — PR P50 AR 0 CYP26 » HAH
MRS R MARE > B R AHHRKESLEY @) « R AYFMIFEES] T
PRI B8 cytochrome P-450 > ¥ AT RIBE R T AJRE/NE AT HELE R A 4R - N
EH At AR B A A R E KRR 1320 > RIS ABVA MM MEA R A 28
BRNRTINEXTE?
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Rt AR FTEHNHERTEFHZBASEER A ZBERRZ
B - HPFHEREENHEBTIHEFRESEHERE @ » TR EEREER
E Z #8#a (turnover) R BERR @Y » BARIFMBRE(LHE AL R ESBR NI T8
HIEHNH o FHMAREY  SHAERERZR  FhREERASE (HHF
B AR ) RIMFEHRBEEGREE @2 - SEEIFHRREEER ASE
MR EREHEREMEREZTR  XERIBRIEFHERBRHING B £
HAEAEZRE (D500 » EERBHHF) - UHERMAERELEBRRTE 248
WeooHMiRaPSE+EHEMERE HEABRTHEREE S HESBHEMEE

22) o

M FERTT R

YE iy 0 i 1 A7

ZWEUNIZIME B > HFEHW (HK—2A7 0 SATE) REHMT > URH
YETE K INEL > W MERF 205 £5°C o WEE R 0 BR—F o B HEEHLE 6 /K
7% KA - BEEINEK o BEIIER 24 /NS Z EEE S 0 BF-20 CHE
BEBAYEH - RGHMERTREETH (HIEE) » URIFmER  ETEE

( #& A.0.C.S. official method Cd 3a-63 ¥5ill%E ) ~ UV 233 nm BG{E @) -~ #iE
HYEEE® > URRETFEEVMZEE NUAFC JIE » LU T 24 K H 4 5
ZHEE - RIUREPEERE  URMHEITEETEEBERK S -

B 84

EEEIRIEL S =FE 0 F50 ~ D50 & D500 o F50 £ 4 15% 57 i 3% T = ¥ g
BA) Rl > D50 £ D500 15 55 & 156% ¥E i & BABR &k}l o F50 B2 D50 9 & IEH & (50 mg/
kg diet) 4 FE E (AIN- 76)@) » T D500 & HEREH B4 FE (500 mg/kg
diet) ° BRHARS: - HEEH Z B A R EHE © $LEE B (lactalbumin, Sigma Co.)
FE KB (corn starch, Roquatte, France) ° # #f 3% (Arbocel, type BE 600/300, J.
Bettenmaier & Sohne, Germany) > BE¥EFHIEY) (AIN-76)@9) - #t4 FHFHREY (AIN-
76 » {HARIA Vit E)Y2) « & (choline HCI, Sigma Co.) & o AIN-76 #ff 4= EIHIEY
e imEEHBEEASEEN AR AR FZEANZHERAS
B9 5 4,000 [U/kg diet Z RIBEEIFRELEE o 18 LR RHMKIER — MRS A RCR %
Ry o A EFR-20 'CHLEREAE B -
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Table 1 Composition of test diets.

Diet ingredients F50 D50 D300
g/kg diet

Lactalbumin 200 200 200
Fresh soybean oil 150

Oxidized frying oill 150 : 150
Corn starch 572 572 572
Cellulose 30 30 30
Vitamin premix? 10 10 10
Mineral mixture’ 3.5 3.5 3.5
all-rac- a-tocopheryl acetate 0.05 - 0.05 0.5
Choline 3 3 3

! Fresh soybean oil was used for frying dough sheet at 205+5 C for 2% hr.
2 Vit E free AIN-76 vitamin mixture (AIN, 1977)
3 AIN-76 mineral mixture (AIN, 1977)

49 5 BARPE B

Bt7L Long-Evans W% A (BHBEM B AKBEB2RHY P L) » FiEHE
BES5 g o BEES K= £ B8R F50, D50 B D500 & = B e R - & B E B
FABERATHMMAMEEED - BYEREHRAES 2T KB ESE 12/ -
B SRR BEMRE  SHERBN - #ECSHEBER (L UKARBENE -

+UEEAIEE RS BYEE 0 LLCO, HERER o LEHITE (heparin) Z
RIS B RS RS AR A M o SR8 AT FF RS 8 0 7 B9 o MRS HE O 2 HERS
Eifn 4% » BPft-20C © ‘ : _

FE34 R i R A i 3 M

15 B {18 FT Bk #E 8% 8 A Yk 15 & homogenate buffer (0.0l M potassium phosphate
buffer, & 1.15% KCl, pH 7.4) & » BY B % DL fH 8 t9 & # (Potter-Elvehjem tissue
homogenizer, Wheaton Co., Millvill, N.J., USA) ¥5 &1k o & #4558 = hr e o
LA homogenate buffer B BX 25% (W/V) RI9E W » A FC sk HBETE o a3 E W
12000 x g, 4 ‘C T #f-[» 20 min (Model 1900 centrifuge, RA-80, Kubota Co. Japan) {5
Bl ERIIREE W (post—fnitochrondria supernatant, PMS) SC#kASFE1% » o R
LE (% 5 mL) » #1788 S E B (105,000 x g, Beckman XL-90 ultracentrifuge,
50.4 Ti rotor) —/NEF » B E] §5 K7 52 VL (microsome pellet), 1A & 1 mM EDTA &
0.05 M potassium phosphate buffer (pH 7.6) 1 mL, VkEF2-70 'C °
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BETE BIKER » IS & P A B 40 & retinyl acetate ~ §-tocopherol © HY
0.5 mL Ifi %% » fOA 2 mL #B¥HE (& 1% pyrogallol ) EB#&IF5 10 ?’}fé L/Lﬁ mL
n-hexane 260X » ¥ 3 78 » B0 ( 1,000 xg, 15 min ) 98 - BUE » A E
W*%I‘?("W v LA 200 pL REEFE R o LUT iz HPLC ,\fﬁﬂﬂ%ﬂ‘ﬁ%ﬁif
A~E o
ERFBS 9 E ¥ 0.5 mL > JIA | mL ABEER (& 1% pyrogallol ) EBIEA 10
B » A 6 mL n-hexane 3£ HY » ¥ 3 7388 » #E.0 (1,000 x g, 15 min) 53/ >
s /g PERZEREH - FHLL200 L BFEARS BB TR HPLC R #
T o
FRCHER AEELERE ¢ retinol (Art. 24769, Merck Co.), retinyl acetate
(186-00881, WAKO Co.), retinyl palmitate (186-00891, WAKO" Co.), #t 4 3 E 12 ¥ 5, &,
HE=EE®EYa-, 7 -,6-tocopherol (Art. 15496, Merck Co.) ©
HPLC % #%
f#45 : Jasco 880-PU Intelligent HPLC pump
Jasco 870-UV Intelligent UV/Vis detector
Jasco 821-FP Intelligent spectrofluorometer -
Jasco 851-AS Intelligent sampler :
B+ + CI8 (Reverse phase column) ( 4 X 125 mm, 5 gm) (Art. 50734, Merck Co.)
Guard column (Merck Co.) v
FI A OV 85 & 340 nm RIEH S AR ANESE » F A HBEHSRE
HEMAEEZEEEYSE  HEHRT ¢ Excitaion, 286 nm, Emission, 330 nm.
T2 B4 ¢ {# A methanol (C2517, Lab-Scan Co.) & 8% H,0.
s 3 ¢ 1.5 mL/min. _
HEHTEILEYZHERHESE ¢ retinol, 2.7 min; retinyl acetate, 4.6 min; 6-

tocopherol, 11.4 min; 7-tocopherol, 14.8 min; a-tocopherol, 18.3 min °

R #4282 cytochrome P-450 & & NADPH- cytochrome ¢ reductase
prie AN iie

¥R F Omura and Sato (1964)80 2 75 &5 Il € cytochrome P-450 & & » ¥ {8 L 58
%ﬁ‘?fﬁ A Na;$,0, (sodium dithionite, Merck) IR » B cytochrome P-450 2 CO #%

S %N ER o NADPH-cytochrome ¢ reductase iE 1 » FJ A #Hl & reduced
cytochrome c A B E R TR EEERIE M (Phillips and Langdon, 1962)3D o

3t 47

B EHEIE U T I9E R 2 Mean £ SD) F/x o LB ME 5 54T
(Oneway ANOVA) Kk E{H K % 245 5 (Duncan’s Multlple Range Test) ¥ & =1 %
HHEERZEEE  UP<005BEHE -
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RIAHERTWMBMIFER 2 S E S - BEEH 0.22 1% 2.05 » UV 233 1K
HEH 479 H3hNZE 5024 - MERRMEYIE S BB 6.27 WINE 76.32% 5 IRELRKEEY
(NUAF) 0 H 1.35 8 b0 22 16.56% o B nHERHIEREY  ERLEHEREZE
(b4 % o 3% = B3 i BE 78 T /E B A2 b linoleic acid (C18:2) J linolenic acid (C18:3) &
BHEBY > S EFEME 87.6% K 51.4% - MRV EIREM S BRIE  HEFR
B KR ER R Z BT - _ ' ‘

SHEZEROBESLEN - ARHENE RERBERTPRN - ZHAYFmEER
BEENERHBHEHSE P <005 - REFHMOBHEEZER > EERRHEEHN
R R EEHE BN ERE L2ZRZ P> 005 c ZHERZHFHBEE
SR ES ¢ 15.07 £ 2.35 gm (F50), 16.01 & 2.20 gm (D50) & 16.44 + 2.44 gm (D500) >
EEMERTHEE ARBREWMBZEABERK  WHEMHMFERS » D50 #
D500 43 BN A ¢ 4.18 & 0.20% B 4.20 £ 0.18% » —E W HHEZ =R ; i F50 2
FEE FE RS 3.35 £ 0.18% » FHEE KL D50 £ D500 #H (P < 0.05) °

A= BRI HAMEBETZSE EL
Table 2 The change of the quality of soybean oil during frying process

Sample’ oil Acid Value Uva233 Total polar NUAF
mg KOH/g oil Abs./g oil % %

Fresh soybean ol 0.22 479 6.27 1.35

Oxidized Frying Oil (OFO)! 2.05 ‘ 5024 76.32 16.56

I Fresh soybean oil was used for frying dough sheet at 2055 C for 24 hr.

REZ B T E R RI R AR,
Teble 3 The fatty acid composition of OFO and fresh soybean oil

fresh soybean oil OFO! OFO/fresh soybean oil
% % %
C16:0 10.9 15.1 138.5
Cl18:0 3.9 4.9 125.6
Cl18:1 22.2 26.3 118.5
C18:2 54.0 47.3 87.6
C18:3 7.2 3.7 51.4

I OFQ: Fresh soybean oil was used for frying dough sheet at 20545 C for 24 hr.
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Table 4 The body weight gain, food intake and feed efficiency of rats fed fresh oil (F)
or OFO (D) diets with 50 (F50, D50) or 500 (D500) mg/kg a-TOAc for 14

weeksl,2.3
Group  Final body weight Body weight gain Food intake Feed efficiency
gm gm/week gm/week B.W. gain/food
intake
F50 448.8461.8 30.13-4.052 108.74-9.12 0.2810.022
D50 383.4+51.6P 25.5+2.89b 101.049.92 0.2540.042
D500 390.3161.8P 25.643.01° 100.13-10.52 0.26£0.022

1 Each value represents mean + SD for eight rats.

2 Values not sharing the same superscript letters in the same vertical column are significantly
different from one another by Duncan’s Multiple Range Test (P < 0.05).

3 a-TOAc: all-rac- o -tocopheryl acetate

ML PfEER A CEE  JIPREA - FFEEGETERNSIHAER A
HEEY > FRBE(CSER > BirEREESR A (RMEE ) KiE » ¥ HPLC &
EHBRERERNSFPHAERT A SR - VKR > FEME (D50 & D500) i
PR R (pg/g liver) N R ¥ IRHH (F50) B9 —42 (P < 0.05) o 4K XE ifh #H R
FEeHHERR R » MERTREE (ug/liver) NEEHRBEZE & (1g/100 g
body weight) £ B KF » YEMIME IR R B EIRHEZ 53 ~ 63% (P < 0.05) ° [fij D50
B D500 FH ] i 72 5 (P > 0.05) o M4FHRMENSEAE  YFFHADRER S
FE#H (P < 0.05) » TMij D50 B2 D500 — #HFEI 7R ME#E 5T L 72 5 o D50 8 D500 Il 4% Hh 4R 8
iz & B H1 5 F50 #HH 85% o

FFEMBESFHEERE SERP RN o MinHF 30114 19 LLa-tocopherol £~
tocopherol & & & H B fZ o FEMMAF T » BE 14 HERE% - D50 #H £ 5 o -tocopherol
Y, 7-tocopherol ¥ F50, D500 & 1K (P < 0.05) ° D50 ffﬂ]ﬂli’ﬁa—tocopherd] BERAHAMm
WA 2 50% > 7-tocopherol Bl &% 53 WA 2 70% o HE 3 o-BX 7-tocopherol » & F50
D500 FRAHMI R B =R - FFHHAEFE & & » D50 #H M5 7F o-tocopherol 7 -toco-
pherol ¥7 88 Z K 72 F50 #H (P < 0.05) © F&JE & o all-rac- a-tocopheryl acetate & ¥
AN > D500 #H B o «-tocopherol #5 /b 7 #H 5 & » {E 7 -tocopherol & & HI 82 D50 48
& R F50 4 -

%t R FEH R B B B 0k 88 & cytochrome P-450 & B2 & - fEE
mg protein R K =AY HED £ D50 #5 K7 D500 #H A HS F50 #H 0 D50 #H A HY
2 F50 Mz 155 - EEGmUEHES - MFERERSE 100 v ERRZ
BIREMEBEAES - RRIFHMRAIEIN T Tk 88 cytochrome P-450 & & ©

NADPH cytochrome c reductase {EPEF A3 /\ o D50 ~ D500 — #H 15 P #K F50 #H
BE > BMANEmg EOESEMRFHIEEHR  SHZZRTEE - BIEEM
F WS - IR ER RS 100 W ERRKF > D50 8 & D500 #8157 86 2 & 7
F50 #H o Z0LAE 100 WHS B R P HTE R F50 M52 % o HBEER 215 1% D50 A
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Table 5 The levels of vitamin A in plasma and liver of rats fed fresh oil (F) or OFO (D)
diets with 50 (F50 & D50) or 500 (D500) mg/kg @-TOAc for 14 weeks!?23

Group Plasma Liver
Retinol Total retinol* Total retinol* Total retinol*
(pg/mL) (pg/g liver) (pg/liver) (pg/100gm B.W.)
F50 0.6140.102 59.7412.82 88841932 198+ 392
D50 0.5240.07P 25.7£11.3b 4114102P 106 £ 18P
D500 0.5240.06b 29.1£11.3b 4954 253b 124 48P

! Each value represents mean & SD for eight rats.

2 Values not sharing the same superscript letters in the same vertical column are significantly
different from one another by Duncan’s Multiple Range Test (P < 0.05).

3 a-TOAc: all-rac-a-tocopheryl acetate

4 Retinol plus retinyl ester.

N BB TOAHEZRERNTY AT E 4 BEXRE
Table 6 The levels of vitamin E in plasma and liver of rats fed fresh oil (F) or OFO(D)
diets with 50 (F50 & D50) or 500(D500) mg/kg a-TOAc for 14 weeksl:2:3

Group Plasma Liver
a-Tocopherol ¥ -Tocopherol a-Tocopherol 7 -Tocopherol
(pg/mL) (ng/mL) (ng/g liver) (ug/g liver)
F50 7.9841.722 1.89+0.472 17.354 2.76b 4.3640.882
D50 3.481£0.42b 1.3440.26° 6.85140.79¢ 2.650.45°
D500 8.24%1.612 1.88£0.4720 20.52£3.012 2.9240.61°

l Each value represents mean £ SD for eight rats.

2 Values not sharing the same superscript letters in the same vertical column are significantly
different from one another by Duncan’s Mutiple Range Test (P < 0.05).

3 a-TOAc: all-rac-a-tocopheryl acetate.
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v BRAYER T+ wil #E A MAEEE F cytochrome P-450 &8 2 B %
Table 7 Liver microsomal cytochrome P-450 content in rats fed fresh oil (F) or OFO (D)
diets with 50 (F50 & D50) or 500 (D500) mg/kg a-TOAc for 14 weeks!:23

Cytochrome P-450

Group

nmol/mg protein nmol/g Liver nmol/liver nmol/100 gm B.W.4
F50 0.5540.21P 11.4045.40¢ 170.82 4 78.68P 38.27+18.55P
D50 0.863-0.222 20.2043.952 322.38180.952 84.14116.832
D500 ~0.6940.182b 15.44 44,320 263.23 4 99.443b 66.30+ 20.142

1 Each value represents mean % SD for eight rats.

2 Values not sharing the same superscript letters in the same vertical column are significantly
different from one anther by Duncan’s multiple range test (P < 0.05).

3 a-TOAc: all-rac-a-tocopheryl acetate

4 B.W.= body weight

EAN BRAYE N+ o HE R ITFHE 42 P NADPH-cytochrome ¢ reductase 7% 42 B85 %4
Table 8 Liver microsomal NADPH-cytochrome ¢ reductase activity in rats fed. fresh oil (F)
"~ or OFO (D) diets with 50 (F50 & D50) or 500 (D500) mg/kg «-TOAc for 14

weeksh 23
NADPH-cytochrome ¢ reductase!
F50 D50 D500
nmol/min/mg protein 2291:30.22 31031032 2641732
pmol/min/g liver 2.514+0.56° 3.9040.512 3.68£0.572
p©mol/min/total liver 36,9 5.6 62.7114.82 61.7114.62
£mol/min/100 gm B.W.5 8.441.8b 16.3%1.73 15.742.82
nmol/min/nmol P-4506 368 862 39841412 3651592

L Each value represents mean £ SD for eight rats.

Z Values not sharing the same superscript letters in the same horizontal row are significantly
different from one anther by Duncan’s multiple range test (P <0.05)

a-TOAc: all-rac-a-tocopheryl acetate

reduced chtochrome ¢ formation

B.W.= body weight

P-450 = cytochrome P-450

S o W
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C HWIESE S e R BERARTHSE S A AR R W B AR 5 E DA 2 R Y
EMEAE TSR 1323 « RARKERRBFHREE WE  BEEBRES 15%
YE S R A SR KRB DAl 2 #5522 MR MR R R EIG IR =
WH > ERMEREGANIEREEDTEE MHZHEHERHETMNE
cytochrom P-450 & B EFE L7 1332 o BRI ER RIGHIFHG R &Y R IE R

RERAR R 15% YRR ER 1458% > ERFRH#ARTA (RIEE) NIEE (kg/g
liver) 9 R R RRAHAT 43% - MEBERKBH EEAEERBES BN S HEEN
46% K 54% o BB ARIFMEEHBEMEETHERAZTER -

BRETIHEERAZRK - #E FERIARKBCOHTH S - EREANZ
SR ERTEE=Z  H—-RETRLFREE  H-RR#HS/LEHERE
B > DAt ETRE s R ETERFEER - FERRRETRAER G -

Leo S A COBZ N ERAEMSKTFRENMA > EFERRE LR
ASEBENL0% - RIFHVERER  HRBEMARA SERREMERE
MR EEMN P REIER - REMMEZRTFEFIESE 100 SHHERA -
2 ~ 3387 » B cytochrome P-450f (CYP2C7) 310 5 ¥ #i{t 2 cytochrome P-450b
(CYP2BI)  cytochrome P-450f (CYP2C7) E& 4 sk fHh: B8 42 977 (3 32 %5 » AT LUK 1AM
4 A B R M R E Y E (B 3E 4-hydroxy-retinoic acid ) ©% o Leo % A ©6 3
— S E > TR RV T R S5 % ORS8RI B R R TE BT
PR ARTE GO o A8 09 Bl -7 CO JF 5§k #8 & cytochrome P-450 52 1 B
IR ] AR AR M B B AR MBS © Martini I Murray®? 28 81K 1R 4 f i 22 1IE % & BT
o CYP3A RIEEEE > HENRBRESELIFRATBEEEAG - EHEER
cytochrome P-450 # I #l » 4l imidazoles > #& S 3& B IMIE P RMEB B HR IR R -
It B8 N 2€ B8 cytochrome P-450 #f i 4 5K A BU B E A BB B 1% O o f 1t >
cytochrome P-450 28 &, 7] fi# {b. retinoid 25 U fE K LAY S S L K FE » {REMER A
ZBAVER o Hid o CYP2BL ~ CYP2C7 ~ 1Al ~ 3A2 - 3A subfamily % 52 HE G 1%
HET L RIE - Frai BB e CYP2 BB O HBE U EMEFERERE B
B all-trans-retinoic acid 4-hydroxylase Z &M » AIREIF AR ET MM A MEA R A IRE
& fh s (2L39) o :

WU R Em AR ABTERT ) TREREE

LYEHER B RER R AR A 2K - HRRBFHERERE N RR M ZE
13.22) > MIHEA R A B BRKFEMEIES < I8 8 MmEEE LB -
2. MFHIER R R REM AR AP RLIER  IFHRAFE S TR
R Y cytochrome P-450 B35 2 #t o AORTATZE » cytochrome P-450 Fp 47 3 1 52
WO HEEREBHLIEESR A BIFR 18203439 » YRy gR & T RERS B I
—BEIEMER AR RTREFEERANER -

LSEBAFHERERANEE RS RKEZET  HRENEES T XM EF M
Wi 52 S - Bt > I8 8@ &b < FE 7T RE 7] s B2 18 17 1 i
5F o
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KEREER > FHERE 14 B IR 5 a-tocopherol & & & & ¥ IR Z 7 40
% KIERTIHARESEEZEE > TUEBHF#HARE &2 RERYEH
MRS > B URT e OO R —% c KEShATHHMEIRRRHEERE >
IR S @0 HET MRS B & 67 ~ 485.2 K 21 pg/g oil Za- » 1-K6-
tocopherol © A f 51 %} R AH &3 KLU & 72.8 mg/kg Z7Y-tocopherol * B a-LEFHEE o
(R bt A B B B 43 W o2 SRR B B ift % Hp 7% T {1 3 B #H 8 & i 7 -tocopherol v (HHE &
B eBE » MBYH AV RE AN 10-35% o 7% 5358 KA+ ~ -
tocopherol 2 EINZIFMBR B I EMBELZRE  ABRKIEZEZ FAKE - IF
1 838} oR ¥R b0 - 45 B B & all-rac-a-tocopheryl acetate FI# R el » % BT K If1 8%
H17-tocopherol & &% 5 2E o #HHE H 7 -tocopherol 52 XEHIBR & T 1B & 18 & A il a-
tocopherol 2R &k ©

VP EAERESBECTETERFEEFHBREBETHARENRK »
BISET HEARR A AR 3R E RO AR R oBE Y o R R B S AR S E Y
EABNE BEEAREASERE INENSLEERHER E 2RBK
FEHE @2 o DIFTZHmERE » FFHEREFE 10 FRIEE & AR E o] 6 T+
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